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an ky losed (ang'ki-losd). Stiffened; bound by adhesions; denot- 
ing a joint in a state of ankylosis. 

an ky lo sis (ang'ki-lo'sis). Stiffening or fixation of a joint as the 
result of a disease process, with fibrous or bony union across the 
joint. [G. ankylosis, stiffening of a joint] 
artificial a., syn arthrodesis, 
bony a., syn synostosis. 

dental a., bony union of the radicular surface of a tooth to the 
surrounding alveolar bone in an area of previous partial root 
resorption. 

extracapsular a., stiffness of a joint due to induration or hetero- 
topic ossification of the surrounding tissues, syn spurious a. 
false a., syn fibrous a. 

fibrous a., stiffening of a joint due to the presence of fibrous 
bands between and about the bones forming the joint, syn false 
a., pseudankylosis. 

intracapsular a., stiffness of a joint due to the presence of bony 

or fibrous adhesions between the articular surfaces of the joint. 

spurious a., syn extracapsular a. 

true a., syn synostosis. 
An ky los to ma (ang-ki-los'to-ma). 1. syn Ancylostoma. 2. syn 

trismus, [ankylo- + G. stoma, mouth] 
an ky lo sto mi a sis (ang'ki-lo-std-mT'a-sis). syn ancylostomi- 

asis. 

an ky lot ic (ang-ki-lot'ik). Characterized by or pertaining to 
ankylosis. 

ankyrin (ang'ki-rin). An erythrocyte membranal protein that 
binds spectrin. A deficiency in ankyrin may lead to a type of 
hereditary spherocytosis, syn anchorin, syndein. [G. ankyra, 
anchor, + -in] 

an ky roid (an'ki-royd). syn ancyroid. 

an la ge, pi. an la gen (ahn'lah-ge, -gen). 1. syn primordium. 
2. In psychoanalysis, genetic predisposition to a given trait or 
personality characteristic. [Ger. plan, outline] 

an neal (an-neT). 1. To soften or temper a metal by controlled 
heating and cooling; the process makes a metal more easily 
adapted, bent, or swaged, and less brittle. 2. In dentistry, to heat 
gold leaf preparatory to its insertion into a cavity, in order to 
remove adsorbed gases and other contaminants. 3. The pairing of 
complementary single strands of DNA; or of DNA-RNA. 4. The 
attachment of the ends of two macromolecules; e.g., two micro- 
tubules annealing to form one longer microtubule. 5. In molecu- 
lar biology, annealing is a process in which short sections of 
single-stranded DNA from one source are bound to a filter and 
incubated with single-stranded, radioactively conjugated DNA 
from a second source. Where the two sets of DNA possess 
complementary sequences of nucleotides, bonding occurs. The 
degree of relatedness (homology) of the two sets of DNA is then 
estimated according to the radioactivity level of the filter. This 
technique plays a central role in the classification of bacteria and 
viruses, syn nucleic acid hybridization. [A.S. anaelan, to burn] 

a n nec tent (a-nek'tent). Connected with; joined. [L. an-necto. 
Pres. p. -nectnes, pp. -nexus, to join to] 

An nel i da (an'ne-lT'da). A phylum that includes the segmented 

or true worms, such as the earthworm. 
an ne lids (an'ne-lids). Common name for members of the phy- 

lu ™ Annelida. 

a " ne l"Hde (an'e-lid). A conidiogenous cell that produces conid- 
in succession, each leaving a ringlike collar on the cell wall 
an hen leased. [Fr. annelide, fr. L. anellus. a ring] 

nel lo co nid i um (an'e-lo-ko-nid'e-um). A conidium pro- 
a duce dbyanannellide. 
n*nexa (a-nek'sa). syn adnexu. 
^■nex-al (a-neks-al). syn adnexal. 
an nex £C to my (an-eks-ek'to-me). syn adnexectomy. 
'd«bi X (f nS (a ~ nek ' sinz )« A family of Ca 2+ dependent phospholip- 
caiJ; ln ? P rote ins which may act as mediators of intracellular 
^ a| cmm signals. 

ne * i tis (an-eks-T'tis). syn adnexitis. 



annexopexy (an-eks'6-pek-se). syn adnexopexy. 

an not to (a-not'6). Coloring matter extracted from the seeds of 
Bixa orellana; contains bixin and several other yellow to orange- 
red pigments; used for coloring butter, margarine, cheese, and 
oils. 

an nu lar (an'yu-lar). Ring-shaped, syn anular. [L. anulus, ring] 
an nu lo plasty (an'yu-lo-plas-te). Reconstruction of the ring 

(or annulus) of an incompetent cardiac valve. [L. anulus, ring, + 

G. plastos, formed] 
annulorrhaphy (an-yu-lor'a-fe). Closure of a hernial ring by 

suture. [L. anulus, ring, + G. rhaphe, seam] 
an nu lus (an'yu-Ius) [NA]. syn ring, see also ring. 

a. abdomina'lis, syn deep inguinal ring. 

a. cilia'ris, syn ciliary body. 

a. conjunctivae [NA], syn conjunctival ring. 

a. femora'lis [NA], syn femoral ring. 

a. fibrocartilaginous membranae tympani [NA], syn fibrocar- 
tilaginous ring of tympanic membrane. 

a. fibro'sus [NA], (1) syn fibrous ring of heart. (2) syn a. 
fibrosus of intervertebral disc, 
a. fibrosus cordis [NA], syn fibrous ring of heart, 
a. fibrosus disci intervertebralis [NA], syn a. fibrosus of inter- 
vertebral disc. 

a. fibrosus of intervertebral disc, the ring of fibrocartilage and 
fibrous tissue forming the circumference of the intervertebral 
disc; surrounds the nucleus pulposus, which is prone to hernia- 
tion when the a. fibrosus is compromised, syn a. fibrosus disci 
intervertebralis [NA], a. fibrosus (2) [NA], fibrous ring of inter- 
vertebral disc, fibrous ring (2). 

a. of fibrous sheath, syn annular part of fibrous digital sheath. 

Haller's a., syn Haller's insula. 

a. hemorrhoidals, syn hemorrhoidal zone. 

a. inguina'lis profun dus [NA], syn deep inguinal ring. 

a. inguina'lis superficia'lis [NA], syn superficial inguinal ring. 

a. ir'idis, syn ring of iris. 

a. iridis major, syn greater ring of iris. 

a. iridis minor, syn lesser ring of iris. 

a. lymphat'icus car'diae [NA], syn lymphatic ring of cardiac 
part of stomach. 

a. ova'lis, syn limbus fossae ovalis. 

a. tendin'eus communis [NA], syn common tendinous ring. 
a. tympan'icus [NA], syn tympanic ring. 
a. umbilical is [NA], syn umbilical ring. 
a. urethrals, syn sphincter vesicae. 
Vieussens' a., syn limbus fossae ovalis. 

AnOC Abbreviation for anodal opening contraction. 

an o chle sia (an'6-kle'ze-a). 1. syn catalepsy. 2. Quietude. [G. 
an- priv. + ochlesis, disturbance] 

an o chro ma sia (an'6-kro-ma'ze-a). 1. Failure of cells or other 
elements of tissue to be colored in the usual manner when treated 
with a stain (or stains). 2. Accumulation of hemoglobin in the 
peripheral zone of erythrocytes, thereby resulting in a pale, virtu- 
ally colorless central portion. [G. and, upward, + chroma, color] 

ano ci as so ci a tion (a-no'se-a-so-se-a'shun). Theory that af- 
ferent stimuli, especially pain, contribute to the development of 
surgical shock, and, as a corollary, that conduction anesthesia at 
the surgical field and pre-surgical sedation protect against shock. 
[G. a- priv. + L. noceo, to injure, + association] 

ano coc cyg e al (a-no-kok-sij'e-ai). Relating to both anus and 
coccyx. 

anod al (an-od'al). Of, pertaining to, or emanating from an 
anode, syn anodic. 

an ode (an'od). 1. The positive pole of a galvanic battery or the 
electrode connected with it; an electrode toward which negative- 
ly charged ions (anions) migrate; a positively charged electrode. 
Cf. cathode. 2. The portion, usually made of tungsten, of an x-ray 
tube from which x-rays are re leased by bombardment by cath- 
ode rays (electrons), syn anelectrode, positive electrode. [G. 
anodos, a way up, fr. ana, up, + hodos, a way] 
rotating a., in diagnostic radiography, modern x-ray tubes that 
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of Law will be entered on the same date 
herewith. 

ORDER AND JUDGMENT 

In accordance with the Findings of Fact 
and Conclusions of Law entered on the same 
date herewith, 

IT IS HEREBY ORDERED AND AD- 
JUDGED, as follows: 

1. The Nolan patent (No. 4,506,189), is- 
sued on March 19, 1985, is a valid patent. 

2. By the manufacture, production, sale 
and distribution of its SAF-T-COTE fluores- 
cent lamp, Trojan has infringed the Nolan 
patent. 

3. By virtue of this infringement, Shat-R- 
Shield is entitled to injunctive relief. Trojan 
shall immediately cease and desist from the 
manufacture, production, sale and distribu- 
tion of the SAF-T-COTE fluorescent lamp. 

. 4. Trojan : shall recall all the SAF-T-COTE 
fluorescent lamps sold to and still in the 
possession of its customers. 

5. The Court having determined that Tro- 
jan's infringement was not willful and wan- 
ton, Shat-R-Shield is not entitled to treble 
damages. 

• 6. Shat-R-Shield shall have no accounting 
for monetary damages. 

7. The Court having found that this is not 
an exceptional case, Shat-R-Shield is not 
entitled to its attorney's fees. 

8. All claims having been resolved as to all 
parties herein, , this action is. now DIS- 
MISSED and STRICKEN from the docket. 

9. There being no just reason for delay, 
this is a FINAL and APPEALABLE Order 
and Judgment. 



Court of Appeals, Federal Circuit 

In re Wands 

No. 87-1454 . 
Decided September 30, 1988 

PATENTS 

1. Patentability /Validity r- Adequacy of 
., disclosure (§115.12) 

Data disclosed in application for immuno^ 
assay method patent, which shows that appli- 
cants', screened nine of 143 cell lines devel- 
oped, for production of antibody necessary, to 
practice invention, stored remainder of said 
cell lines, and found that four out of nine cell 
lines screened produced antibody falling 
within limitation of claims, were erroneously 



interpreted by Board of Patent Appeals and 
Interferences as failing to meet disclosure 
requirements of 35 USC 112, since board's 
characterization of stored cell lines as "fail- 
ures" demonstrating unreliability of appli- 
cants' methods was improper in view of fact 
that such unscreened cell lines prove nothing 
concerning probability. of success of person 
skilled in art attempting to obtain requisite 
antibodies using applicants', methods. 

2. Patentability/Validity — Adequacy of 
disclosure (§115,12) 
Disclosure in application for immunoassay 
method patent does not fail to meet enable- 
ment requirement of 35 USC 1 12 by requir- 
ing "undue experimentation," even though 
production of monoclonal antibodies neces- 
sary to practice invention first requires' pro- 
duction and screening of numerous antibody 
producing cells or "hybridomas," since prac- 
titioners of art are prepared to screen nega- 
tive hybridomas in order to find those that 
produce desired antibodies, since in mono- 
clonal antibody art one "experiment" is not 
simply screening of one hybridoma but rath- 
er is entire attempt to make desired anti- 
body, and since record indicates that amount 
of effort needed to obtain desired antibodies 
is not excessive, in view of applicants' success 
in each attempt to produce antibody that 
satisfied all claim limitations. 



Appeal from decision of Patent and Trade- 
mark Office, Board of Patent Appeals and 
Interferences. 

Application for patent of Jack R. Wands, 
Vincent R. Zurawski, Jr., and Hubert J. P. 
Schoemaker, serial number 188,735. From 
decision of Board of Patent Appeals , and 
Interferences affirming rejection of applica- 
tion, applicants appeal. Reversed; Newman, 
J., concurring in part and dissenting in part 
in separate opinion. 1 " % - 
Jorge A. Goldstein; of Saidman, Sterne, 
Kessler & Goldstein (Henry N. Wixon, 
with them on brief), Washington, D;C, 
for appellant. 
John H. Raubitschek, associate solicitor (Jo- 
seph F. Nakamura and Fred E. McKel- 
vey, with him on brief), PTO, for appellee. 
Before Smith, Newman, and Bissell, circuit 
judges. 
Smithy J. 

This appeal is from the decision of the 
Patent and Trademark Office (PTO) Board 
of Patent Appeals and Interferences (board) 
affirming the rejection of all remaining 
claims in appellant's application for a patent, 
serial No. 188,735, entitled "Immunoassay 
Utilizing Monoclonal High Affinity. IgM 
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Antibodies" which was filed September 19, 
1980. 1 The rejection under 35 U.S.C. §112, 
first paragraph, is based on the grounds that 
appellant's written specification would not 
enable a person skilled in the art to make the 
monoclonal antibodies that are needed to 
practice the claimed invention without un- 
due experimentation. We reverse. 

I. Issue 

The only issue on appeal is whether the 
board erred, as a matter of. law, by sustaining 
the examiner's rejection for lack of enable- 
ment under 35 U.S.C. §112, first paragraph, 
of all remaining claims in appellants' patent 
application, serial No. 188,735. 



II. Background 



A/The Art. 



The claimed invention involves immuno- 
assay methods for the detection of hepatitis 
B surface antigen by using high-affinity 
monoclonal antibodies of the IgM isotype. 
Antibodies are a class of proteins (immunog- 
lobulins) that help defend the body against 
invaders such as viruses and bacteria. An 
antibody has the potential to bind tightly to 
another molecule, which molecule is called 
an antigen. The body has the ability to make 
millions of different antibodies that bind to 
different antigens. However, it is only after 
exposure of an antigen that a complicated 
immune response leads to the production of 
antibodies against that antigen. For exam- 
ple, on the surface of hepatitis B virus parti- 
cles there is a large protein called hepatitis B 
surface antigen (HBsAg). As its name im- 
plies, it is capable of serving as an antigen. 
During a hepatitis B infection (or when puri- 
fied HBsAg is injected experimentally), the 
body begins to make antibodies that bind 
tightly and specifically to HBsAg. Such anti- 
bodies can be used as reagents for sensitive 
diagnostic tests {e.g., to detect hepatitis B 
virus in blood and other tissues, a purpose of 
the claimed invention). A method for detect- 
ing or measuring antigens by using anti- 
bodies as reagents is called an immunoassay. 

Normally, many different antibodies are 
produced against each antigen. One reason 
for this diversity is that different antibodies 
are produced that bind to different regions 
(determinants) of a large antigen molecule 
such as HBsAg. In addition, different anti- 



1 In re Wands, Appeal No. 673-76 (Bd. Pat. 
App. & Int. Dec. 30, 1986). 



bodies may be produced that bind to the 
same determinant. These usually differ in 
the tightness with which they bind to the 
determinant. Affinity is a quantitative meas- 
ure of the strength of antibody-antigen bind- 
ing. Usually an antibody with a higher affin- 
ity for an antigen will be more useful, for 
immunological diagnostic tests than one with 
a lower affinity. Another source of heteroge- 
neity is that there are several immunoglobu- 
lin classes or isotypes. Immunoglobulin G 
(IgG) is the most common isotype in serum. 
Anotherisotype, immunoglobulin M (IgM), 
is prominent early in the immune response. 
IgM molecules are larger than IgG mole- 
cules, and have 10 antigen-binding sites in- 
stead of the 2 that are present in IgG. Most 
immunoassay methods use IgG, but the 
claimed invention uses only IgM antibodies. 

For commercial applications there are 
many disadvantages to using antibodies from 
serum. Serum contains a complex mixture of 
antibodies against the antigen of interest 
within a much larger pool of antibodies di- 
rected at other antigens. There are available 
only in a limited supply that ends when the 
donor dies. The goal of monoclonal antibody 
technology is to produce an unlimited supply 
of a single purified antibody. 

The blood cells that make antibodies are 
lymphocytes. Each lymphocyte makes only 
one kind of antibody. During an immune 
response, lymphocytes exposed to their par- 
ticular antigen divide and mature. Each pro- 
duces a clone of identical daughter cells, all 
of which secrete the same antibody. Clones 
of lymphocytes, all derived from a single 
lymphocyte, could provide a source of a sin- 
gle homogeneous antibody. However, lym- 
phocytes do not survive for long outside of 
the body in cell culture. 

Hybridoma technology provides a way to 
obtain large numbers of cells that all produce 
the same antibody. This method takes advan- 
tage of the properties of myeloma cells de- 
rived from a tumor of the immune system. 
The cancerous myeloma cells can divide in- 
definitely in vitro. They also have the poten- 
tial ability to secrete antibodies. By appropri- 
ate experimental manipulations, a myeloma 
cell can be made to fuse with a lymphocyte to 
produce a single hybrid cell (hence, a hybri- 
doma) that contains the genetic material of 
both cells. The hybridoma secretes the same 
antibody that was made by its parent lym- 
phocyte, but acquires the capability of the 
myeidma cell to divide and grow indefinitely 
in cell culture. Antibodies produced by a 
clone of hybridoma cells (i.e., by hybridoma 
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cells that are all progeny of a single cell) are 
called monoclonal antibodies. 2 

B. The Claimed Invention. 

The. claimed invention involves methods 
for the immunoassay of HBsAg by using 
high-affinity monoclonal IgM antibodies. 
Jack R. Wands and Vincent R. Zurawski, 
Jr., two of the three coinventors of the 
present application, disclosed methods for 
producing monoclonal antibodies against 
HBsAg in United States patent No. 
4,271,145 (the '145 patent), entitled "Pro- 
cess for Producing Antibodies to Hepatitis 
Virus and Cell Lines Therefor," which pat- 
ent issued on June 2, 198 1 . The ' 1 45 patent is 
incorporated by reference into the applica- 
tion on appeal. The specification of the '145 
patent teaches a procedure for immunizing 
mice against HBsAg, and the use of lympho- 
cytes from these mice to produce hybridomas 
that secrete monoclonal antibodies specific 
for HBsAg. The '145 patent discloses that 
this procedure yields both IgG and IgM 
antibodies with high-affinity binding to 
HBsAg. For the stated purpose of complying 
with the best mode requirement of 35 U.S.C. 
§112, first paragraph, a hybridoma cell line 
that secretes IgM antibodies against HBsAg 
(the 1 F8 cell line) was deposited at the 
American Type Culture Collection, a recog- 
nized cell depository, and became available 
to the public when the '145 patent issued. . 

The application on appeal claims methods 
for immunoassay of HBsAg using mono- 
clonal antibodies such as those described in 
the '145 patent. Most immunoassay methods 
have used monoclonal antibodies of the IgG 
isotype. IgM antibodies were disfavored in 
the prior art because of their sensitivity to 
reducing agents and their tendency to self- 
aggregate and precipitate. Appellants found 
that their monoclonal IgM antibodies could 
be used for immunoassay of HbsAg with 
unexpectedly high sensitivity and specificity. 
Claims 1, 3, 7, 8, 14, and 15 are drawn to 
methods for the immunoassay of HBsAg 
using high-affinity IgM monoclonal anti- 
bodies. Claims 19 and 25-27 are for chemi- 
cally modified (e.g., radioactively labeled) 
monoclonal IgM antibodies used in the as- 
says. The broadest method claim reads: 
1 . An immunoassay method utilizing an 
antibody to assay for a substance compris- 
ing hepatitis B-surface antigen (HBsAg) 



2 For a concise description of monoclonal anti- 
bodies and their use in immunoassay see Hybri- 
tech, Inc. v. Monoclonal Antibodies. Inc., 802 
F.2d 1367, 1368-71, 231 USPQ 81, 82-83 (Fed. 
Cir. 1986), cert, denied, 107 S.Ct. 1606 (1987). 



determinants which comprises the steps 
of: 

contacting a test sample containing said 
substance comprising HBsAg determi- 
nants with said antibody; and 

determining the presence of said sub- 
stance in said sample; 

wherein said antibody is a monoclonal 
high affinity IgM antibody having a bind- 
ing affinity constant for said HBsAg de- 
terminants of at least 10' M-'. 
Certain claims were rejected under 35 
U.S.C. §103; these rejections have not been 
appealed. Remaining claims 1, 3, 7, 8, 14, 
15, 19, and 25-27 were rejected under 35 
U.S.C. § 1 1 2, first paragraph, on the grounds 
that the disclosure would not enable a person 
skilled in the art to make and use the inven- 
tion without undue experimentation. The re- 
jection is directed solely to whether the speci- 
fication enables one skilled in the art to make 
the monoclonal antibodies that are needed to 
practice the invention. The position of the 
PTO is that data presented by Wands show 
that the production of high-affinity IgM 
anti-HBsAg antibodies is unpredictable and 
unreliable, so that it would require undue 
experimentation for one skilled in the art to 
make the antibodies. 

III. Analysis 

■«». 

A. Enablement by Deposit of Micro-organ- 
isms and Cell Lines. 

The first paragraph of 35 U.S.C. §112 
requires that the specification of a patent 
must enable a person skilled in the art to 
make and use the claimed invention. "Pat- . 
ents * * * are written to enable those skilled 
in the art to practice the invention." 3 A 
patent need not disclose what is well known 
in the art. 4 Although we review underlying 
facts found by the board under a "clearly 
erroneous" standard, 3 we review enable- 
ment as a question of law.* 

Where an invention depends on the use of 
living materials such as microorganisms or 



3 W.L. Gore & Assocs., Inc. v. Garlock, Inc., 
721 F.2d 1540, 1556, 220 USPQ 303, 3 15- (Fed. 
Cir. 1983), cert, denied. 469 U.S. 851 (1984). 

4 Lindemann Maschinenfabrik GMBH. r v. 
American Hoist &. Derrick Co., 730 F.2d 1452, 
1463, 221 USPQ 481, 489 (Fed. Cir. 1984). 

'Coleman v. Dines, 754 F.2d 353, 356, 224 
USPQ 857, 859 (Fed. Cir. 1985). 

6 Moleculon Research Corp. v. CBS, Inc.. 793 
F.2d 1261, 1268, 229 USPQ 805, 810 (Fed. Cir. 
1986), cert. denied, 107 S.Ct. 875 (mi)\Raythe- 
on Co. v. Roper Corp.. 724 F.2d 951, 960 n.6, 220 
USPQ 592, 599 n.6 (Fed. Cir. 1983), cert, denied. 
469 U.S. 835 [225 USPQ 232] (1984). 
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cultured cells, it may be impossible to enable 
the public to make the invention (i.e., to 
obtain these living materials) solely by 
means of a written disclosure. One means 
that has been developed for complying with 
the enablement requirement is to deposit the 
living materials in cell depositories which 
will distribute samples to the public who 
wish to practice the invention after the pat- 
ent issues. 7 Administrative guidelines and 
judicial decisions have clarified the condi- 
tions under which a deposit of organisms can 
satisfy the requirements of section 1 1 2. 8 A 
deposit has been held necessary for enable- 
ment where the starting materials (i.e., the 
living cells used to practice the invention, or 
cells from which the required cells can be 
produced) are not readily available to the 
public. 9 Even when starting materials are 
available, a deposit has been necessary where 
it would require undue experimentation 1 to 
make the cells of the invention from the 
starting materials. 10 

In addition to satisfying the enablement 
requirement, deposit of organisms also can 
be- used to establish the filing date of the 
application as the prima facie date of inven- 
tion, n and to satisfy the requirement under 
35 U.S.C. §114 that the PTO be guaranteed 
access to the invention during pendency of 



1 In re Argoudelis, 434 F.2d 1390, 1392-93, 
168 USPQ 99, 101-02 (CCPA 1970). 

1 In re Lundak. 773 F,2d 1216, 227 USPQ 90 
(Fed. Cir. 1985); Feldmanv. Aunstrup, 517 F.2d 
1351, 186 USPQ 108 (CCPA 1975), cert, denied 
424 U.S. 912 [188 USPQ 720] (1976); Manual of 
Patent Examining Procedure (MPEP) 608.01 
(p)(C) (5th ed. 1983, rev. 1987). See generally 
Hampar, Patenting of Recombinant DNA Tech- 
nology: The Deposit Requirement, 67 J. Pat. 
Trademark Off. Soc'y 569 (1985). 

9 In re Jackson, 217 USPQ 804, 807-08 (Bd. 
App. 1982) (strains of a newly discovered species 
of bacteria isolated from nature); Feldman, 517 
F.2d 1351, 186 USPQ 108 (uncommon fungus iso- 
lated from nature); In re Argoudelis, 434 F.2d at 
1392, 168 USPQ at 102 (novel strain of antibiotic- 
producing microorganism isolated from nature); 
InreKropp, 143 USPQ 148, 152 (Bd. App. 1959) 
(newly discovered microorganism isolated from 
soil). 

10 Ex parte Forman, 230 USPQ 546, 547 (Bd. 
Pat. App. & Int. 1986) (genetically engineered 
bacteria where the specification provided insuffi- 
cient information about the amount of time and 
effort required); In re Lundak, 773 F.2d 1216, 227 
USPQ 90 (unique cell line produced from another 
cell line by mutagenesis). 

" In re Lundak, 773 F.2d at 1222, 227 USPQ 
at 95-96; In re Feldman, 517 F.2d at 1355, 186 
USPQ at 113; In re Argoudelis, 434 F.2d at 
1394-96, 168 USPQ at 103-04 (Baldwin, J. 
concurring). 



the application. 12 Although a deposit may- 
serve these purposes, we recognized ; in In re 
Lundak," that these purposes, nevertheless, 
may be met in ways other than by making a 
deposit. /■ 

A deposit also may satisfy the best mode 
requirement of section 112, first paragraph, 
and it is for this reason that the 1F8 hybri- 
doma was deposited in connection" with the 
'145 patent and the current application. 
Wands does not challenge the statements by 
the examiner to the effect that, although the 
deposited I F8 line enables the public to per^ 
form immunoassays with antibodies pro- 
duced by that single hybridoma, the deposit 
does not enable the generic claims that are 
on appeal. The examiner rejected the claims 
on the grounds that the written disclosure 
was not enabling and that the deposit was 
inadequate. Since we hold that the written 
disclosure fully enables the claimed inven- 
tion, we need not reach the question of the 
adequacy of deposits. 

B. Undue Experimentation. 

Although inventions involving microor- 
ganisms or other living cells often can be 
enabled by a deposit, 14 a deposit is not al- 
ways necessary to satisfy the enablement 
requirement. 15 No deposit is necessary if the 
biological organisms can be obtained from 
readily available sources or derived from 
readily available starting materials through 
routine screening that does not require un- 
due experimentation. 16 Whether the specifi- 
cation in an application involving living cells 
(here, hybridomas) is enabled without a de- 
posit must be decided on the facts of the 
particular case. p 

Appellants contend that their written 
specification fully enables the practice of 



12 In re Lundak, 773 F.2d at 1222, 227 USPQ 
at 95-96; In re Feldman, 517 F.2d at 1354, 186 
USPQ at 112. 

13 In re Lundak, 773 F.2d at 1222, 227 USPQ 
at 95-96. 

14 In re Argoudelis, 434 F.2d at 1393, 168 
USPQ at 102. 

,5 Tabuchi v. Nubcl. 559 F.2d 1 183, 194 USPQ 
521 (CCPA 1977). 

16 Id. at 1 186-87, 194 USPQ at 525; Merck & 
Co. v. Chase Chem. Co., 273 F.Supp. 68, 77, 155 
USPQ 139, 146 (D.N.J. 1967); Guaranty Trust 
Co. v. Union Solvents Corp., 54 F.2d 400, 403-06 
12 USPQ 47, 50-53 (D. Dei. 193 !),<#</, 61 F.2d 
1041, 15 USPQ 237 (3d Cir. 1932), cert, denied, 
288 U.S. 614 (1933); MPEP 608.0i(p)(C) ("No 
problem exists when the microorganisms used are 
known and readily available to the public"). 

"In re Jackson, 217 USPQ at 807; see In re 
Metcalfe, 410 F.2d 1378, 1382, 161 USPQ 789 
792 (CCPA 1969). 
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their claimed invention because the mono- 
clonal antibodies needed to perform the im- 
munoassays can be made from readily avail- 
able starting materials using methods that 
are well known in the monoclonal antibody 
art. Wands states that application of these 
methods to make high-affinity IgM anti- 
HBsAg .antibodies requires only routine 
screening, and that does not amount to un- 
due experimentation. There is no challenge 
to their contention that the starting materi- 
als (i.e., mice, HBsAg antigen, and myeloma 
cells) are available to the public. The PTO 
concedes that the methods used to prepare 
hybridomas and to screen them for high- 
affinity IgM antibodies against HBsAg were 
either well known in the monoclonal anti- 
body art or adequately disclosed in the '145 
patent and in the current application. This is 
consistent with this court's recognition with 
respect to another patent application that 
methods for obtaining and screening mono- 
clonal antibodies were well known in 1980. 18 
The sole issue is whether, in this particular 
case, it would require undue experimentation 
to produce high-affinity IgM monoclonal 
antibodies. 

Enablement is not precluded by the neces- 
sity for some experimentation such as rou- 
tine screening. 19 However, experimentation 
needed to practice the invention must not be 
undue experimentation. 20 "the key word is 
'undue,' not 'experimentation/ " 2! 

The determination of what constitutes 
undue experimentation in a given case 
requires the application of a standard of 
reasonableness, having due regard for the 
nature of the invention and the state of the 
art. Ansul Co. v. Uniroval, Inc. [448 F.2d 
872, 878-79; 169 USPQ 759, 762-63 (2d 
Cir. 1971), cert, denied. 404 U.S. 1018 
[172 USPQ 257] (1972)]. The test is not 
merely quantitative, since a considerable 
amount of experimentation is permissible, 
. if it is merely routine, or if the specifica- 
tion in question provides a reasonable 
amount of guidance with respect to the 



!S Hybritech. 802 F.2d at 1384, 231 USPQ at 
94. 

" Id.; Atlas Powder Co. v. E.I. DuPont De 
Nemours & Co.. 750 F.2d 1569, 1576, 224 USPQ 
409, 413 (Fed. Cir. 1984); In re Angstadt. 537 
F2d at 502-504, i 90 USPQ at 2 1 8; In re Geerdes. 
491 F.2d 1260, 1265, 1 80 USPQ 789, 793 (CCPA 
1974); Mineral Separation. Ltd. v. Hvde. 242 
U.S. 26). 270-71 (1916). 

10 Hybritech. 802 F.2d at 1384, 231 USPQ at 
94; W.L Gore. 721 F.2d at 1557, 220 USPQ at 
316;/n re Colianni, 56 1 F.2d 220, 224, ! 95 USPQ 
150, 153 (CCPA 1977) (Miller, J., concurring). 

:i In re Angstadt. 537 F.2d at 504, 190 USPQ 
at 219. 



direction in which the experimentation 

should proceed * * * ? 2 

The term "undue experimentation" does 
not appear in the statute, but it is well 
established that enablement requires that 
the specification teach those in the art to 
make and use the invention without undue 
experimentation. 23 Whether undue experi- 
mentation is needed is not a single, simple 
factual determination, but rather is a conclu- 
sion reached by weighing many factual con- 
siderations. The board concluded that undue 
experimentation would be needed to practice 
the invention on the basis of experimental 
data presented by Wands. These data are not 
in dispute. However, Wands and the board 
disagree strongly on the conclusion that 
should be drawn from that data. 

Factors to be considered in determining 
whether a disclosure would require undue 
experimentation have been summarized by 
the board in Ex parte For man. 24 They in- 
clude (1) the quantity of experimentation 
necessary, (2) the amount of direction or 
guidance presented, (3) the presence or ab- 
sence of working examples, (4) the nature of 
the invention, (5) the state of the prior art, 
(6) the relative skill of those in the art, (7) 
the predictability or unpredictability of the 
art, and (8) the breadth of the claims. 25 

In order to understand whether the rejec- 
tion was proper, it is necessary to discuss 
further the methods for making specific 
monoclonal antibodies. The first step for 
making monoclonal antibodies is to immu- 
nize an animal. The '145 patent provides a 
detailed description of procedures for immu- 
nizing a specific strain of mice against 
HBsAg. Next the spleen, an organ rich in 
lymphocytes, is removed and the lympho- 
cytes are separated from the other spleen 
ceils. The lymphocytes are mixed with mye- 
loma cells, and the mixture is treated to 
cause a few of the cells to fuse with each 
other. Hybridoma cells that secrete the de- 
sired antibodies then must be isolated from 
the enormous number of other cells in the 
mixture. This is done through a series of 
screening procedures. 

The first step is to separate the hybridoma 
cells from unfused lymphocytes and mye- 
loma ceils. The cells are cultured in a medi- 



22 In re Jackson. 2 1 7 USPQ at 807. 

2i See Hvbritech, 802 F.2d at 1384, 231 USPQ 
at 94; Atlas Powder. 750 F.2d at 1 576, 224 USPQ 
at 413. 

24 Ex parte Forman. 230 USPQ at 547. 

* Id.; see in re Colianni. 561 F.2d at 224, 195 
USPQ at 153 (Miller. J., concurring); In re 
Rainer. 347 F.2d 574, 577, 146 USPQ 218, 221 
(CCPA 1965). 
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urn in which all the lymphocytes and mye- 
loma cells die, and only the hybndoma cells 
survive. The next step is to isolate and clone 
hvbridomas that make antibodies that bind 
to the antigen of interest. Single hybndoma 
cells are placed in separate chambers and are 
allowed to grow and divide. After there are 
enough cells in the clone to produce suffi- 
cient quantities of antibody to analyze, the 
antibody is assayed to determine whether it 
binds to the antigen. Generally, antibodies 
from many clones do not bind the antigen, 
and these clones are discarded. However, by 
screening enough clones (often hundreds at a 
time), hybridomas may be found that secrete 
antibodies against the antigen of interest. 

Wands used a commercially available ra- 
dioimmunoassay kit to screen clones for cells 
that produce antibodies directed against 
HBsAg. In this assay the amount of radioac- 
tivity bound gives some indication of the 
strength of the antibody-antigen binding, but 
does not yield a numerical affinity constant, 
which must be measured using the more 
laborious Scatchard analysis. In order to 
determine which anti-HBsAg antibodies sat- 
isfy all of the limitations of appellants 
claims, the antibodies require further screen- 
ing to select those which have an IgM isotype 
and have a binding affinity constant of at 
least 10 9 M- 1 . 26 The PTO does not question 
that the screening techniques- used by Wands 
were well known in the monoclonal antibody 

During prosecution Wands submitted a 
declaration under 37 C.F.R §1.132 provid- 
ing information about all of the hybridomas 
that appellants had produced before filing 
the patent application. The first four fusions 
were unsuccessful and produced no hybrido- 
mas. The next six fusion experiments all 
produced hvbridomas that made antibodies 
specific for'HBsAg. Antibodies that bound 
at least 10,000 cpm in the commercial ra- 
dioimmunoassay were classified as "high 
binders.' 1 Using this criterion, 143 high-bind- 
ing hybridomas were obtained. In the decla- 
ration, Wands stated that 27 



26 The examiner, the board, and Wands ail 
point out that, technically, the strength of anti- 
body-HBsAg binding is measured as avidity, 
which takes into account multiple determinants on 
the HBsAg molecule, rather than affinity. Never- 
theless, despite this correction, all parties then 
continued to use the term "affinity." We will use 
the terminology of the parties. Following the usage 
of the parties, we will also use the term "high- 
affinity" as essentially synonymous with "having a 
binding affinity constant of at least 10* M-'. 

27 A table in the declaration presented the 
binding data for antibodies from every cell line. 
Values ranged from 13,867 to 125,204 cpm, and a 



It is generally accepted in the art that, 
among those antibodies which are binders 
with 50,000 cpm or higher, there is a very 
high likelihood that high affinity (Ka 
"[greater than] 10 9 M-') antibodies will be 
found. However, high affinity antibodies 
can also be found among high binders of 
between 10,000 and 50,000, as is clearly 
demonstrated in the Table. 
The PTO has not challenged this statement. 

The declaration stated that a few of the 
high-binding monoclonal antibodies from 
two fusions were chosen for further screen- 
ing The remainder of the antibodies and the 
hybridomas that produced them were saved 
by freezing. Only nine antibodies were sub- 
jected to further analysis. Four (three from 
one fusion and one from another fusion) fell 
within the claims, that is, were IgM anti- 
bodies and had a binding affinity constant of 
at least 10 9 M-'. Of the remaining five anti, 
bodies, three were found to be IgG, while the 
other two were IgM for which the affinity 
constants were not measured (although both 
showed binding well above 50,000 cpm). 

Apparently none of the frozen cell lines 
received any further analysis. The declara- 
tion explains that after useful high-affinity 
IgM monoclonal antibodies to HBsAg had 
been found, it was considered unnecessary to 
return to the stored antibodies to screen for 
more lgMs. Wands says that the existence of 
the stored hybridomas was disclosed to the 
PTO to comply with the requirement under 
37 C.F.R. §1.56 that applicants fully dis- 
close ali of their relevant data, and not just 
favorable results. 28 How these stored hybri- 
domas are viewed is central to the positions 
of the parties. 

The position of the board emphasizes the 
fact that since the stored cell lines were not 
completely tested, there is no proof that any 
of them, are IgM antibodies with a binding 
affinity constant of at least 10 9 M- 1 . Thus, 
only 4 out of 143 hybridomas, or 2.8 percent, 
were proved to fall within the claims. Fur- 
thermore, antibodies that were proved to be 
high-affinity IgM came from only 2 of 10 
fusion experiments. These statistics are 
viewed by the board as evidence that appel- 
lants' methods were not predictable or repro- 
' ducible. The board concludes that Wands' 
low rate of demonstrated success shows that 
a person skilled in the art would have to 



substantial proportion of the antibodies showed 
binding greater than 50,000 cpm. In confirmation 
of Dr Wand's statement, two antibodies with 
binding less than 25,000 cpm were found to have 
affinity constants greater than 10' M-'. 

» See Rohm & Haas Co. v. Crystal Chem. Co., 
722 F.2d 1556, 220 USQ 98 (Fed. Cir. 1983). 
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engage in undue experimentation in order to 
make antibodies that fall within the claims. 

Wands views the data quite differently. 
Only nine hybridomas were actually ana- 
lyzed beyond the initial screening for HBsAg 
binding. Of these, four produced antibodies 
that fell within the claims, a respectable 44 
percent rate of success. (Furthermore, since 
the two additional IgM antibodies for which 
the affinity constants were never measured 
showed binding in excess of 50,000 cpm, it is 
likely that these also fall within the claims.) 
Wands argues that the remaining 134 unan- 
alyzed, stored cell lines should not be written 
off as failures. Instead, if anything, they 
represent partial success. Each of the stored 
hybridomas had been shown to produce a 
high-binding antibody specific for HBsAg. 
Many of these antibodies showed binding 
above 50,000 cpm and are thus highly likely 
to have a binding affinity constant of at least 
10 9 M- r . Extrapolating from the nine hybri- 
domas that were screened for isotype (and 
from what is well known in the monoclonal 
antibody art about isotype frequency), it is 
reasonable to assume that the stored cells 
include some that produce IgM. Thus, if the 
134 incompletely analyzed cell lines are con- 
sidered at all, they provide some support 
(albeit without rigorous proof) to the view 
that hybridomas falling within the claims are 
not so rare that undue experimentation 
would be needed to make them. 

The first four fusion attempts were fail- 
ures, while high-binding antibodies were pro- 
duced in the next six fusions. Appellants 
contend that the initial failures occurred 
because they had not yet learned to fuse cells 
successfully. Once they became skilled in the 
art, they invariably obtained numerous hy- 
bridomas that made high-binding antibodies 
'' against HBsAg and, in each fusion where 
they determined isotype and binding affinity 
they obtained hybridomas that fell within 
the claims. 

Wands also submitted a second declara- 
tion under 37 C.F.R. §1.132 stating that 
after the patent application was submitted 
they performed an eleventh fusion experi- 
ment and obtained another hybridoma that 
made a high-affinity IgM anti-HBsAg anti- 
body. No information was provided about 
the number of clones screened in that experi- 
ment. The board determined that, because 
there was no indication as to the number of 
hybridomas screened, this declaration had 
very little value. While we agree that it 
. would have been preferable if Wands had 
included this information, the declaration 
does show that when appellants repeated 
their procedures they again obtained a hybri- 



doma that produced an antibody that fit all 
of the limitations of their claims. 

[1] We conclude that the board's interpre- 
tation of the data is erroneous. It is strained 
and unduly harsh to classify the stored cell 
lines (each of which was proved to make 
high-binding antibodies against HBsAg) as 
failures demonstrating that Wands' methods 
are unpredictable or unreliable. 29 At worst, 
they prove nothing at all about the probabil- 
ity "of success, and merely show that appel- 
lants were prudent in not. discarding cells 
that might someday prove useful. At best, 
they show that high-binding antibodies, the 
starting materials for IgM screening and 
Scatchard analysis, can be produced in large 
numbers. The PTO's position leads to the 
absurd conclusion that the more hybridomas 
an applicant makes and saves without testing 
the less predictable the applicant's results 
become. Furthermore, Wands' explanation 
that the first four attempts at cell fusion 
failed only because they had not yet learned 
to perform fusions properly is reasonable in 
view of the fact that the next six fusions were 
all successful. The record indicates that cell 
fusion is a technique that is well known to 
those of ordinary skill in the monoclonal 
antibody art, and there has been no claim 
that the fusion step should be more difficult 
or unreliable where the antigen is HBsAg 
than it would be. for other antigens. 

[2] When Wands' data is interpreted in a 
reasonable manner, analysis considering the 
factors enumerated in Ex parte Forman 
leads to the conclusion that undue experi- 
, mentation would not be required to practice 
the invention. Wands' disclosure provides 
considerable direction and guidance on how 
to practice their invention and presents work- 
ing examples. There was a high level of skill 
in the art at the time when the application 
was filed, and all of the methods needed to 
practice the invention were well known. 

The nature of monoclonal antibody tech- 
nology is that it involves screening hybrido- 
mas to determine which ones secrete anti- 
body with desired characteristics. Prac- 
titioners of this art are prepared to screen 
negative hybridomas in order to find one that 
makes the desired antibody. No evidence 
was presented by either party on how many 
hybridomas would be viewed by those in the 
art as requiring undue experimentation to 
screen. However, it seems unlikely that un- 



: -' Even if we were to accept the PTO's 2.8% 
success rate, we would not be required to reach a 
conclusion of undue experimentation. Such a de- 
termination must be made in view of the circum- 
stances of each case and cannot be made solely by 
reference to a particular numerical cutoff. 
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due. experimentation would be defined in 
ferms o P f the number of hybndomas that 
we™ never screened. Furthermore,; in- the 
monoclonal antibody art it appears that an 
Experiment" is not simply the ™ng ^ 
single hybridoma, but is rather the entire 
attempi to make a monoclonal antibody 
S a particular antigen. This process 
entails immunizing animals, fusing lympho- 
cytes from the immunized animals w.th mye- 
loma cells to make hybndomas, cloning the 
Kidomas, and screening the ant.bod.es 
nroduced by the hybridomas for the desired 
characteristics. Wands carried out this en- 
tire procedure three times, and was success- 
ful each time in making at least one antibody 
hat satisfied all of the claim limitations. 
Reasonably interpreted, Wands' record I indi- 
cates that, in the production of high-affinity 
gM antibodies against HBsAG, the amount 
of effort needed to obtain such antibodies is 
not excessive. Wands' evidence thus effec- 
tively rebuts the examiner's challenge to the 
enablement of their disclosure. 30 

IV. Conclusion 

Considering all of the factors, we conclude 
that it would not require undue expenmenta : 
tion to obtain antibodies needed to pract.ee 
~ the claimed invention. Accordmgly, the re- 
jection of Wands' claims for lack of enable- 
ment under 35 U.S.C. §112, first paragraph, 
is reversed. . . 

REVERSED 

Newman, J., concurring in part, dissenting 
in part. 



I concur in the court's holding that addi- 
tional samples of hybridoma cell lines that 
produce these high-affinity IgM ™nocbnal 
antibodies need not be deposited. This inven- 
tion, as described by Wands, is not a selec- 
tion of a few. rare cells from many possible 
cells/To the contrary. Wands states that all 
monoclonally produced IgM an .bodies to 
hepatitis B surface antigen have the des red 
high avidity and other favorable properties, 
and that all are readily, preparable by now- 
standard techniques. • _ 

Wands states that his United States Pat- 
ent No. 4,271,145 describes fully operable 
techniques, and . is distinguished from his 
first four failed experiments that are referred 



» In re Slrahilemtz, 668 F.2d 1229, 1232, 212 
USPQ 561, 563 (CCPA 1982).. 



to in the Rule 132 affidavit. Wands argues 
that these biotechnologi^l mechanisms, are 
relatively well understood and that the prep- 
arations can be routinely duplicated by those 
of skill in this art as in Bybrxtech lnc 
Monoclonal Antibodies Inc., 802 F2d 
1367 1380 231 USPQ 81, 94 (Fed Cir. 
\n6) cert, denied, 107S.Q. 1606(1987). 
agree that it is not necessary that there be a 
de-posit of multiple exemplars of a cell sys- 
tem that is readily reproduced by known, 
specifically identified techniques. 

B 

1 would affirm the board's holding that 
Wands has not complied with 35 U.&A-. 
6112, first paragraph, in that he has not 
provided data sufficient to support the 
breadth of his generic claims. Wands claims 
on appeal include the following: _ 

19 Monoclonal high affinity IgM anti- 
bodies immunoreactive.with HBsAg de- 
terminants, wherein said antibodies are 
. coupled to an insoluble solid phase, and 
wherein the binding affinity constant of 
said antibodies, for said HBsAg determi- 
nants is at least 10' M- 1 , 
26. Monoclonal high affinity IgM ianu- 
bodies immunoreactive with hepatitis B 
surface antigen. , 
Wands states that he obtained 143 high 
binding monoclonal antibodies of the right 
specificity" in the successful fusions; al- 
hough he does not state how they were 
determined to be high binding or of the right 
specificity, for Wands also states that only 
nine of these 143 were tested. 

Of these nine, four (three from one fusion 
and one from another fusion) were found to 
have the claimed high affinity and to be of 
the IgM isotype. Wands states that the other 
five w 8 ere either of a different isotype or the.r 
affinities were not determined. (This latter 
statement also appears to. contradict his 
statement that all 143 were "high binding .) 

Wands argues that a "success rate of four 
out of nine", or 44.4%, is sufficient to sup- 
port claims to the entire class. The Commis- 
sioner deems the success rate to be four out 
of 143, or 2.8%; to which Wands responds 
with statistical analysis as to how unlikely it 
is that Wands selected the only four out ot 
143 that worked. Wands did not, however, 
prove the right point. The question is wheth- 
er Wands, by testing nine out of 1 43 (the 
Commissioner points out that the random- 
ness of the sample was not established), and 
finding that four out of the nine had the 
aesire 8 d properties, has provided suffic.en 
experimental support for the breadth of the 
requested claims, in the context that expen 
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ments in genetic engineering produce, at 
best, unpredictable results", quoting from 
Ex parte Format 230 USPQ 546, 547 
(Bd.Pat.App. and Int. 1986). 

The premise of the patent system is that 
an inventor, having taught the world some- 
thing it didn't know, is encouraged to make 
the product available for public and commer- 
cial benefit, by governmental grant of the 
right to exclude others from practice of that 
which the inventor has disclosed. The bound- 
ary defining the excludable subject matter 
must be carefully set: it must protect the 
inventor, so that commercial development is 
encouraged; but the claims must be commen- 
surate with the inventor's contribution. Thus 
the specification and claims must meet the 
requirements of 35 U.S.C. §112. In re Fish- 
er, All F.2d 833, 839, 166 USPQ 18, 23-24 
(CCPA 1970). 

As the science of biotechnology matures 
the need for special accommodation, such as 
the deposit of cell lines or microorganisms, 
may diminish; but there remains the body of 
law and practice on the need for sufficient 
disclosure, including experimental data 
when appropriate, that reasonably support 
the scope of the requested claims. That law 
relates to the sufficiency of the description of 
the claimed invention, and if not satisfied by 
deposit, must independently meet the rer 
quirements of Section 112. 

Wands is not claiming a particular, speci- 
fied IgM antibody. He is claiming all such 
monoclonal antibodies in assay for hepatitis 
B surface antigen, based on his teaching that 
such antibodies have uniformly reproducible 
high avidity, free of the known disadvan- 
tages of IgM antibodies such as tendency to 
precipitate or aggregate. It is incumbent 
upon Wands to provide reasonable support 
for the proposed breadth of his claims. I 
agree with the Commissioner that four ex- 
emplars shown to have the desired proper- 
ties, out of the 143, do not provide adequate 
support. 

Wands argues that' the law should not be 
"harsher" where routine experiments take a 
long time. However, what Wands is request- 
ing is that the law be less harsh. As illustrat- 
ed in extensive precedent on the question of 
how much experimentation is "undue", each 
case must be determined on its own facts. 
See, e.g., W.L. Gore & Assocs., Inc. v. Gar- 
lock, Inc., 721 F.2d 1540, 1557, 220 USPQ 
303, 316 (Fed. Cir. 1983), cert, denied, 469 
U.S. 851 (1984); In re Angst adt, 511 F.ld 
498, 504, 190 USPQ 214, 218 (CCPA 
1 976); In re Cook, 439 F.2d 730, 734-35, 169 
USPQ 298, 302-03 (CCPA 1971). 

The -various criteria to be considered in 
determining whether undue experimentation 



is required are discussed in, for example, 
Fields v. Conover, 443 F.2d 1386, 170 
USPQ 276 (CCPA 1971); In re Rainer, 347 
F.2d 574, 146 USPQ 218 (CCPA 1965); Ex 
parte Forman, 230 USPQ at 547. Wands 
must provide sufficient data or authority to 
show that his results are reasonably predict- 
able within the scope of the claimed generic 
invention, based on experiment and/or scien- 
tific theory. In my view he has not met this 
burden. . . 
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1. Procedure — Prior adjudication — 
general (§410.1501) 

Trademark Trial and Appeal Board's 
prior decision upholding examiner's refusal 
to register proposed mark "La Yogurt 11 does 
not preclude registration of mark pursuant to 
subsequent application, since applicant, by 
presenting survey evidence and consumer 
letters regarding issue of how purchasers 
perceive proposed mark, has demonstrated 
that instant factual situation is different 
from situation presented in prior proceeding. 



TRADEMARKS AND 
PRACTICES 



UNFAIR TRADE 



2. Types of marks — Non-descriptive — 
Particular marks (§327.0505) 

Term "La Yogurt," with "yogurt" dis- 
claimed, is registrable, since, word "yogurt" 
is common English generic term rather than 
corruption or misspelling of French word for 
yogurt, since examining attorney failed to 
meet burden of showing clear evidence of 
generic use of mark as whole, and since 
evidence of record, including survey and con- 
sumer letters to applicant, demonstrates that 
primary significance of "La Yogurt" to ma- 
jority of relevant public is that of brand 
name rather than generic term. 
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TREATMENT OF RHEUMATOID ARTHRITIS WITH 
CHIMERIC MONOCLONAL ANTIBODIES TO 
TUMOR NECROSIS FACTOR a 



MICHAEL J. ELLIOTT, RAVINDER N. MAINI, MARC FELDMANN, ALICE LONG-FOX, 
PETER CHARLES, PETER KATSIKIS, FIONULA M. BRENNAN, JEAN WALKER, HANNY BIJL, 

JOHN GHRAYEB, and JAMES N. WOODY 



Objective, To evaluate the safety and efficacy of a 
chimeric monoclonal antibody to tumor necrosis factor 
a (TNFa) in the treatment of patients with rheumatoid 
arthritis (RA). 

Methods. Twenty patients with active RA were 
treated with 20 mg/kg of anti-TNFa in an open phase 
I/II trial lasting 8 weeks. 

Results. The treatment was well tolerated, with 
no serious adverse events. Significant improvements 
were seen in the Ritchie Articular Index, which fell from 
a median of 28 at study entry to a median of 6 by week 
6 (P < 0.001), the swollen joint count, which fell from 18 
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to 5 (P < 0.001) over the same period, and in the other 
major clinical assessments. Serum C-reactive protein 
levels fell from a median of 39.5 mg/Iiter at study entry 
to 8 mg/liter at week 6 (P < 0.001), and significant 
decreases were also seen in serum amyloid A and 
interleukin-6 levels. 

Conclusion. Treatment with anti-TNFa was safe 
and well tolerated and resulted in significant clinical and 
laboratory improvements. These preliminary results 
support the hypothesis that TNFa is an important 
regulator in RA, and suggest that it may be a useful new 
therapeutic target in this disease. 

Despite optimal use of current antirheumatic 
therapy, the outcome for many patients with rheuma- 
toid arthritis (RA) consists of pain, disability, and 
premature death (1-3). As a response to the need for 
more effective and less toxic treatment, and to an 
increase in our understanding of the pathogenic mech- 
anisms in RA, several groups have used monoclonal 
antibodies as therapeutic agents in this disease (4-10). 
Such immunotherapy has been, in most cases, tar- 
geted specifically to the T cell, a strategy based on 
evidence that T cells are involved in the initiation and 
maintenance of RA (11). 

Here, we outline an alternative immunothera- 
peutic strategy, which involves the use of monoclonal 
antibodies with specificity for a cytokine, tumor ne- 
crosis factor a (TNFa). This approach is based on a 
body of knowledge regarding the role of cytokines in 
general, and of TNFa in particular, in the inflamma- 
tory process in RA. The first clearly documented study 
demonstrated the presence of interleukin-1 (IL-1) in 
RA synovial fluid (12). Subsequently, we and others 
have reported the presence and local synthesis in 
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Table 1. Demographic features of 20 patients with refractory rheu- 
matoid arthritis 



Pa- 
tient 


Disease 
Age/ duration 
sex (years) 


Previous 
DMARDs* 


Concomitant 
therapyt 


1 


48/F 


7 


SSZ, DP, GST, 
AUR, MTX, 
AZA, HCQ 


Pred. 5 mg 


2 


63/F 


7 


SSZ, GST, DP 


Para. 1-2 gm 


3 


59/M 


3 


AUR, HCQ, 
GST, MTX, 
SSZ 


Pred. 10 mg, Indo. 225 
mg 


4 


56/M 


10 


GST, DP, AZA, Pred. 12.5 mg, Ibu. 2 gm, 
SSZ Para. 1-2 gm 


5 


28/F 


3 


GST, SSZ, DP, 
AZA 


Pred. 8 mg, Para. 1-2 
gm, Code. 16 mg 


6 


40/M 


3 


SSZ, HCQ, 
AUR 


Nap. 1 gm 


1 


54/F 


7 


DP, GST, SSZ, 
AZA, MTX 


Para. 1-2 gm, Code. 
16-32 mg 


o 
0 


23/F 


11 


HCQ, GST, 
SSZ, MTX, 
AZA 


Pred. 7.5 mg, Dicl. 
100 mg, Para. 1-2 gm, 
Dext. 100-200 mg 


9 


51/F 


15 


GST, HCQ, DP, Pred. 7.5 mg, Dicl. 125 
MTX mg, Para. 1-3 gm 


10 


47/F 


12 


SSZ, CYC, 
MTX 


Ben. 4 gm 


11 


34/F 


10 


DP, SSZ, MTX 


Pred. 10 mg, Para. 1.5 
gm, Code. 30-90 mg 


12 


57/F 


12 


GST, MTX, 
DP, AUR 


Asp. 1.2 gm 


13 


51/F 


7 


SSZ, AZA 


Para. 1-4 gm 


14 


72/M 


11 


GST, DP, AZA, Pred. 5 mg, Para. 1-4 
MTX gm, Code. 16-64 mg 


15 


51/F 


17 


HCQ, DP, SSZ, Asp. 0.3 gm 
MTX 


16 


62/F 


16 


GST, DP, SSZ, 
MTX, AZA 


Para. 1-4 gm, Code. 
16-64 mg 


17 


56/F 


11 


SSZ, DP, GST, 
MTX, HCQ, 
AZA 


Pred. 7.5 mg, Eto. 600 
mg, Para. 1-2 gm, 
Dext. 100-200 mg 


18 


48/F 


14 


GST, MTX, 
DP, SSZ, 
AUR, AZA 


Pred. 7.5 mg, Indo. 
100 mg, Para. 1-3 gm 


19 


42/F 


3 


SSZ, MTX 


Fen. 450 mg, Ben. 6 gm, 
Code. 30 mg 


20 


47/M 


20 


GST, DP, SSZ, 
AZA 


Pred. 10 mg, Para. 1-3 
gm 



* Disease-modifying antirheumatic drugs (DMARDs) were SSZ = 
sulfasalazine; DP = D-penicillamine; GST = gold sodium thioma- 
late; AUR = auranofln; MTX = methotrexate; AZA = azathioprine; 
HCQ = hydroxychloroquine; CYC = cyclophosphamide, 
t Daily doses are shown. Pred. = prednisolone; Para. = paraceta- 
mol; Indo. = indomethacin; Ibu. = ibuprofen; Code. = codeine 
phosphate; Nap. = naprosyn; Dicl. - diclofenac; Dext. = dextro- 
propoxyphene; Ben. = benorylate; Asp. = aspirin; Eto. = etodolac; 
Fen. = fenbufen. 



rheumatoid synovial membrane of many cytokines, 
including IL-1 (13), TNFa (13,14), IL-6 (15), 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF; 16), IL-8 (17), and transforming growth 
factor (3 (TGFjS) (18,19). 

We have investigated the relationships between 
these cytokines in RA, using a synovial culture system 
in which dissociated rheumatoid synovial cells are 
allowed to spontaneously re-aggregate in vivo. Even in 
the absence of extrinsic stimulation, such cells express 
high levels of cytokines and HLA class II molecules 
(20). Using this system, we showed that production of 
bioactive IL-1 was abrogated by neutralizing antibod- 
ies to TNFa, but' not by antibodies to TNF/3 or by 
normal rabbit IgG (21). This occurred in rheumatoid, 
but not osteoarthritic, cultures and suggested to us 
that TNFa was of particular importance as a regula- 
tory cytokine. Subsequent analysis reinforced this 
concept, with the demonstration that another proin- 
flammatory cytokine, GM-CSF, was regulated in the 
synovial membrane by TNFa (22) and that TNFa 
receptor expression, necessary for transmitting TNFa 
signals, was up-regulated in rheumatoid synovium 
(23,24). 

Two recent mouse studies provide further in- 
sight into the importance of TNFa in arthritis. Keffer 
et al (25) described a mouse transgenic for the human 
TNFa gene, which expressed high levels of human 
TNFa in vivo and which reproducibly developed 
arthritis beginning at 4 weeks of age. The disease in 
these animals could be prevented by administration of 
monoclonal antibodies to human TNFa. In separate 
experiments in our own laboratory, we showed that in 
the type II collagen arthritis model in the DBA/1 
mouse, the hamster anti-murine TNF monoclonal anti- 
body TN3.19.2 significantly ameliorated the inflamma- 
tion and tissue destruction when administered before 
or after the onset of disease (26). 

Based on these considerations, it was of inter- 
est to determine the eflFect of therapy with a chimeric 
(human IgGl, murine Fv) monoclonal antibody to 
human TNFa in patients with rheumatoid arthritis. We 
report here that anti-TNFa therapy was safe and well 
tolerated, and induced marked improvements in both 
clinical and laboratory disease measures. These find- 
ings are consistent with our postulate concerning the 
critical role of TNFa in the pathogenesis of RA 
(27,28), and suggest that TNFa may be a useful 
therapeutic target in this disease. 
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Ta ble 2. Changes in clinical assessments following treatment of rheumatoid arthritis patients with cA2* 



Week 
of 
trial 



Screen 
0 



Morning 
stiffness, 
minutes 



Pain score, 
0-10 cm 



Ritchie index, 
0-69 



Swollen 
joint count, 
0-28 



135, 0-600 
180, 20-600 
20, 0-180 
(<0.001t) 
15, 0-150 
(<0.001f) 

5, 0-150 
(<0.001f) 
15, 0-90 
(<0.001t) 

5, 0-90 
(<0.001t) 
15, 0-60 
(<0.001t) 



7.4, 4-9.7 

7.1, 2.7-9.7 
2.6, 0.6-7.8 

(<0.001t) 

3.0, 0.3-6.4 
(<0.001t) 

2.2, 0.2-7.4 
(<0.001t) 

1.9, 0.1-5.6 
(<0.001t) 

1.9, 0.1-6.2 
(<0.001t) 

2.1, 0.2-7.7 
(<0.001f) 



23, 4-51 
28, 4-52 
13, 2-28 
(<0.001; <0.002t) 
13, 1-28 
(<0.001t) 
8, 0-22 
(<0.001t) 
10, 0-17 
(<0.001t) 
6, 0-18 
(<0.001t) 
8, 1-28 
(<0.001t) 



16, 4-28 
18, 3-27 
13.5, 1-25 
(>0.05) 
11.5, 1-22 
(<0.003; <0.02t) 

6, 1-19 
(<0.001; <0.002t) 

6, 0-21 
(<0.001; <0.002t) 

5, 1-14 
(<0.001t) 

7, 1-18 
(<0.001t) 



Grip strength, 
0-300 mm Hg 



Left hand 



Right hand 



IDA, 
1^4 



Patient's 
assessment, 
no. grades 
improved, 
0-3 



84, 45-300 
77, 52-295 
122, 66-300 

(>0.05) 
139, 75-300 
(<0.03; >0.05t) 
113, 51-300 

(>0.05) 
124, 79-300 
(<0.02; >0.05t) 

119, 68-300 
(<0.04; >0.05t) 

117, 69-300 
(<0.03; >0.05f) 



96, 57-300 
92, 50-293 
133, 57-300 

(>0.05) 
143, 59-300 

(>0.05) 
142, 65-300 

(>0.05) 
148, 64-300 
(<0.03; >0.05t) 

153, 62-300 
(<0.05; >0.05t) 

167, 53-300 
(<0.03; >0.05t) 



3, 2.3-3.3 
3, 2-3.5 
2, 1.5-3.3 

(<0.001t) 
2, 1.5-3.2 

(<0.001t) 
2, 1.2-3.2 

(<0.001t) 
1.8, 1.3-2.7 

(<0.001t) 

1.7, 1.3-2.8 
(<0.001t) 

1.8, 1.5-2.8 
(<0.001t) 



NA 
NA 

1, 1-3 

1.5, 1-3 

2, 1-2 
2, 1-2 
2, 1-2 
2, 1-3 



Values are the median, range (P) for 20 patients for the initial screen and weeks 0-2, and for 19 patients thereafter. Patient 15 dropped out 
after week 2 of study. All P values versus week 0, by Mann- Whitney test. IDA = Index of Disease Activity; NA = not applicable, 
t Adjusted for multiple statistical comparisons. 



PATIENTS AND METHODS 

Patient selection. Twenty patients were recruited, 
each of whom fulfilled the American College of Rheumatol- 
ogy (formerly, the American Rheumatism Association) cri- 
teria for the diagnosis of RA (29). The clinical characteristics 
of the patients are shown in Table 1. The study group 
comprised 15 females and 5 males, with a median age of 51 
years (range 23-72), a median disease duration of 10.5 years 
(range 3-20), and a history of failed therapy with standard 
disease-modifying antirheumatic drugs (DMARDs) (median 
number of failed DMARDs 4, range 2-7). 

Seventeen patients were seropositive at study entry 
or had been seropositive at some stage of their disease. All 
had erosions evident on radiographs of the hands or feet, and 
3 had rheumatoid nodules. All patients had active disease at 
trial entry, as defined by an Index of Disease Activity (IDA) 

(30) of at least Il75, together with at least 3 swollen joints, 
and were classified in anatomic and functional stage II or III 

(31) . The pooled data for each of the clinical and laboratory 
indices of disease activity at the time of screening for the 
trial (up to 4 weeks prior to trial entry), and on the 
day of trial entry itself (week 0), are shown in Tables 2 and 3. 

All DMARDs were discontinued at least 1 month 
prior to trial entry. Patients were allowed to continue taking 
a nonsteroidal antiinflammatory drug and/or prednisolone 
(<12.5 mg/day) during the trial. The dosage of these agents 
was kept stable for 1 month prior to trial entry and during the 
course of the trial. No parenteral corticosteroids were al- 
lowed during these periods. Simple analgesics were allowed 
ad libitum. 

Patients with other serious medical conditions were 
excluded from study. Specific exclusions were as follows: 
serum creatinine >150 ^moles/liter (normal 60-120), hemo- 
globin (Hgb) <90 gm/liter (normal 120-160 in females, and 
135-175 in males), white blood cell (WBC) count <4 x 



10 9 /liter (normal 4-11 x 10 9 /liter), platelet count <100 x 
10 9 /liter (normal 150-400 x 10 9 /liter), and abnormal liver 
enzyme levels or active pathology noted on chest radiographs. 

All patients gave their informed consent for the trial, 
and approval was granted by the local ethics committee. 

Treatment protocol. cA2 is a chimeric human/mouse 
monoclonal anti-TNFa antibody, consisting of the constant 
regions of human (Hu)IgGl*, coupled to the Fv region of a 
high-affinity neutralizing murine anti-HuTNFa antibody 
(A2). The antibody was produced by Centocor Inc., by 
continuous fermentation of a mouse myeloma cell line which 
had been transfected with cloned DNA coding for cA2, and 
was purified from culture supernatant by a series of steps 
involving column chromatography. The chimeric antibody 
retains specificity for natural and recombinant HuTNFa, 
and is of high affinity. 

The antibody was stored at 4°C in 20-ml vials con- 
taining 5 mg of cA2 per milliliter of 0.01 A/ phosphate 
buffered saline in 0.15M sodium chloride at a pH of 7.2 and 
was filtered through a 0.2-/xm sterile filter before use. The 
appropriate amount of cA2 was then diluted to a total 
volume of 300 ml in sterile saline and administered intrave- 
nously via a 0.2-ftm in-line filter over a period of 2 hours. 

Patients were admitted to the hospital for 8-24 hours 
for each treatment, and were mobile except during infusions. 
The trial was of an open, uncontrolled design, with a 
comparison of 2 treatment schedules. Patients 1-5 and 1 1-20 
received a total of 2 infusions, each consisting of 10 mg/kg of 
cA2, at entry to the study (week 0) and 14 days later (week 
2). Patients 6-10 received a total of 4 infusions of 5 mg/kg at 
cA2, at entry and on days 4, 8, and 12. The total dose received 
by the 2 patient groups was therefore the same: 20 mg/kg. 

Assessments. Safety monitoring. Vital signs were 
recorded every 15-30 minutes during infusions, and at 
intervals for up to 24 hours postinfusion. Patients were 
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Table 3. Changes in laboratory measures following treatment of rheumatoid arthritis patients with cA2* 
Week 



of 


Hgb, 


WBC, 


Platelets, 


ESR, 


CRP, 


SAA, 


RF, 


trial 


gm/liter 


x 10 9 /liter 


xl0 9 /liter 


mm/hour 


mg/liter 


mg/ml 


inverse titer 


Screen 


117, 98-146 


7.9, 3.9-15.2 


352, 274-631 


59, 18-87 


42, 9-107 


ND 


ND 


0 


113, 97-144 


9.0, 4.9-15.7 


341, 228-710 


55, 15-94 


39.5, 5-107 


245, 18-1,900 


2,560, 160-10,240 


1 


114, 96-145 


8.5, 3.6-13.6 


351, 223-589 


26, 13-100 


5, 0-50 


58, 0-330 


ND 




(>0.05) 


(>0.05) 


(>0.05) 


(>0.05) 


(<0.001t) 


(<0.001; <0.003t) 




2 


112, 95-144 


8.2,4.3-12.7 


296, 158-535 


27, 10-90 


5.5, 0-80 


80, 11-900 


ND 




(>0.05) 


(>0.05) 


(<0.04; >0.05t) 


(<0.02; >0.05t) 


K0.001; <0.003t) 


(<0.02; <0.04t) 




3 


110, 89-151 


9.0, 3.7-14.4 


289, 190-546 


27, 12-86 


7, 0-78 


ND 


ND 




(>0.05) 


(>0.05) 


(<0.03; >0.05t) 


(<0.04; >0.05t) 


(<0.001; <0.002t) 






4 


112, 91-148 


8.2, 4.7-13.9 


314, 186-565 


23, 10-87 


10, 0-91 


ND 


ND 




(>0.05) 


(>0.05) 


(>0.05) 


(<0.04; >0.05t) 


(<0.004: <0.O2t) 






6 


116, 91-159 


9.1, 2.9-13.9 


339, 207-589 


23, 12-78 


8. 0-59 


ND 


ND 




(>0.05) 


(>0.05) 


(>0.05) 


(<0.03; >0.05t) 


(<0.001t) 






8 


114, 94-153 


7.6, 4.2-13.5 


339, 210-591 


30, 7-73 


6, 0-65 


ND 


480, 40-5,120 




(>0.05) 


(>0.05) 


(>0.05) 


(>0.05) 


(<0.001t) 




(>0.05) 



* Values are the median, range (P) for 20 patients for the initial screen and weeks 0-2, and for 19 patients thereafter. Patient 15 dropped out 
after week 2 of study. For rheumatoid factor (RF), only those patients with week 0 titers al: 160 in the particle agglutination assay were included 
(n = 14). All P values versus week 0, by Mann- Whitney test. Normal ranges: hemoglobin (Hgb) 120-160 gm/liter in females and 135-175 gm/liter 
in males; white blood cell (WBC) count 4-1 1 x 10 9 /liter; platelet count 150-400 x 10 9 /liter; erythrocyte sedimentation rate (ESR) < 15 mm/hour N 
in females and <10 mm/hour in males; C-reactive protein (CRP) <10 mg/liter; serum amyloid A (SAA) <10 mg/ml. ND = not done. 



questioned concerning possible adverse events before each 
infusion and at weeks 1, 2, 3, 4, 6, and 8 of the trial. A 
complete physical examination was performed at screening 
and at week 8. In addition, patients were monitored by 
standard laboratory tests including a complete blood cell 
count, and levels of C3 and C4 components of complement, 
IgG, IgM, and IgA, serum electrolytes, creatinine, urea, 
alkaline phosphatase, aspartate transaminase, and total bil- 
irubin. 

Sample times for these tests were between 0800 and 
0900 hours (preinfusion) and 1200-1400 hours (24 hours 
postinfusion). Blood tests subsequent to day 1 were per- 
formed in the morning, usually between 0700 and 1200 
hours. Urine analysis and culture were also performed at 
each assessment point. 

Response assessment. The patients were assessed 
for response to cA2 at weeks 1, 2, 3, 4, 6, and 8 of the trial. 
The assessments were all made between 0700 and 1300 hours 
by the same observer (AL-F). The following clinical assess- 
ments were made: duration of morning stiffness (minutes), 
pain score (0-10 cm on a visual analog scale), Ritchie 
Articular Index (maximum score 69) (32), number of swollen 
joints (28 joint count) (validation described in ref. 33), grip 
strength (0-300 mm Hg, mean of 3 measurements per hand, 
by sphygmomanometer cuff), and an assessment of function 
(the Stanford Health Assessment Questionnaire [HAQ], 
modified for British patients [34]). In addition, the patients* 
global assessments of response were recorded using a 
5-point scale (worse, no response, fair response, good re- 
sponse, excellent response). 

Routine laboratory indicators of disease activity in- 
cluded complete blood cell counts, C-reactive protein (CRP) 
levels (by rate nephelometry), and the erythrocyte sedimen- 
tation rate (ESR; Westergren). Followup assessments were 
made at monthly intervals after the conclusion of the formal 
trial period, in order to assess the duration of response. 



Analysis of improvement in individual patients was 
made using two separate indices. First, an IDA was calcu- 
lated for each time point according to the method of Mallya 
and Mace (30), with input variables of morning stiffness, pain 
score, Ritchie Articular Index, grip strength, ESR, and Hgb. 
The second index calculated was that of Paulus et al (35), 
which uses input variables of morning stiffness, ESR, joint 
pain/tenderness, joint swelling, and patient's and physician's 
global assessments of disease severity. 

To calculate the presence (or otherwise) of a re- 
sponse according to this index, two approximations were 
made to accommodate our data. The swollen joint count 
used by us (nongraded total of swollen joints of 28 joints 
assessed), which has been validated (33), was used in place 
of the more extensive graded count described by Paulus et 
al, and the patient's and physician's global assessments of 
response recorded by us were approximated to the global 
assessments of disease activity used by Paulus et al (35). In 
addition to determining response according to these pub- 
lished indices, we selected 6 disease activity assessments of 
interest (morning stiffness, pain score, Ritchie Articular 
Index, swollen joint count, ESR, and CRP) and calculated 
their mean percentage improvement. We have used this 
value to give an indication of the degree of improvement 
seen in responding patients. 

Immunologic investigations. Rheumatoid factors 
were measured using the rheumatoid arthritis particle agglu- 
tination assay (RAPA) (FujiBerio Inc, Tokyo, Japan), in 
which titers of 1:160 or greater were considered significant. 
Rheumatoid factor isotypes were measured by enzyme- 
linked immunosorbent assay (ELISA) (Cambridge Life Sci- 
ences, Ely, UK). Addition of cA2, at concentrations of up to 
200 /ug/ml, to these assay systems did not alter the assay 
results (data not shown). 

Antinuclear antibodies were detected by immunoflu- 
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orescence on HEp-2 cells (Biodiagnostics, Upton, UK), and 
antibodies to extractable nuclear antigens were measured by 
counterimmunoelectrophoresis with polyantigen extract 
(Biodiagnostics). Sera positive by immunofluorescence were 
also screened for antibodies to DNA by the Fan* assay 
(Kodak Diagnostics, Amersham, UK). Anticardiolipin anti- 
bodies were measured by ELISA (Shield Diagnostics, 
Dundee, Scotland). Serum amyloid A (SAA) was measured 
by sandwich ELISA (Biosource International, Camarillo, 
CA). Antiglobulin responses to the infused chimeric anti- 
body were measured by an in-house ELISA, using cA2 as a 
capture reagent. 

Cytokine assays. Bioactive TNF was measured in 
sera using the WEHI 164 clone 13 cytotoxicity assay (36). 
Total IL-6 was measured in sera using a commercial immu- 
noassay (Medgenix Diagnostics, Brussels, Belgium) and 
using a sandwich ELISA developed in-house, with mono- 
clonal antibodies provided by Dr. F. di Padova (Basel, 
Switzerland). Micro titer plates were coated with monoclonal 
antibody LNI 314-14 at a concentration of 3 /ig/ml for 18 
hours at 4°C, and blocked with 3% bovine serum albumin in 
0.1M phosphate buffered saline, pH 7.2. Undiluted sera or 
standards (recombinant HuIL-6, 0-8.1 /xg/ml) were added to 
the wells in duplicate and incubated for 18 hours at 4°C. 
Bound IL-6 was detected by incubation with monoclonal 
antibody LNI 110-14 for 90 minutes at 37°C, followed by 
biotin-iabeled goat anti-murine IgG2b for 90 minutes at 37°C 
(Southern Biotechnology, Birmingham, AL). The assay was 
developed using streptavid in-alkaline phosphatase (South- 
ern Biotechnology) and p-nitrophenyl phosphate as a sub- 
strate, and the optical density read at 405 nm. 

Statistical analysis. Data for week 0 versus subse- 
quent time points were compared for each assessment using 
the Mann-Whitney test. For comparison of rheumatoid 
factor titers (by RAP A), the data were expressed as dilutions 
before applying the test. 

This was an exploratory study, in which prejudg- 
ments about the optimal times for assessment were not 
possible. Although it has not been common practice to adjust 
for multiple statistical comparisons in such studies (4-10), a 
conservative statistical approach would require adjustment 
of P values to take into account analysis at several time 
points. The P values have therefore been presented in two 
forms: unadjusted, and after making allowance for analysis 
at multiple time points by use of the Bonferroni adjustment. 
Where P values remained <0.001 after adjustment, a single 
value only is given. A P value of <0.05 is considered 
significant. 



RESULTS 

Safety of cA2. The administration of cA2 was 
exceptionally well tolerated, with no headache, fever, 
hemodynamic disturbance, allergy, or other acute 
manifestation. No serious adverse events were re- 
corded during the 8-week trial. Two minor infective 
episodes were recorded, each "possibly related" to 
cA2: patient 15 presented at week 2 with clinical 
features of bronchitis. Sputum culture grew only nor- 



mal commensals. She had a history of smoking and of 
a similar illness 3 years previously. The illness re- 
sponded promptly to treatment with amoxicillin, but 
her second cA2 infusion was withheld and the data for 
this patient are therefore not analyzed beyond week 2. 
Patient 18 showed significant bacteriuria on routine 
culture at week 6 (>10 5 /ml; lactose-fermenting coli- 
form), but was asymptomatic. This condition also 
responded promptly to amoxicillin. 

Routine analysis of blood samples showed no 
consistent adverse changes in hematologic parame- 
ters, renal function, liver function, or levels of C3, C4, 
or immunoglobulins during the 8 weeks of the trial. 
Four minor, isolated, and potentially adverse labora- 
tory disturbances were recorded. Patient 2 experi- 
enced a transient rise in blood urea levels, from 5.7 
mmoles/liter to 9.2 mmoles/liter (normal 2.5-7), with 
no change in serum creatinine. This change was asso- 
ciated with the temporary use of a diuretic, which had 
been prescribed for a non-rheumatologic disorder. The 
value normalized within 1 week and was* classified as 
4 'probably not related" to cA2. 

Patient 6 experienced a transient fall in the 
peripheral blood lymphocyte count, from 1.6 x 10 9 / 
liter to 0.8 x 10 9 /liter (normal 1.0-4.8). This abnormal- 
ity was not seen at the next sample point (2 weeks 
later), was not associated with any clinical manifesta- 
tions, and was classified as "possibly related" to cA2. 
Patients 10 and 18 developed elevated titers of anti- 
DNA antibodies at weeks 6 and 8 of the trial. Elevated 
anticardiolipin antibodies were also detected in patient 
10. Both patients had a preexisting positive antinuclear 
antibody titer, and patient 10 had a history of border- 
line lymphocytopenia and high serum IgM. There were 
no clinical features of systemic lupus erythematosus, 
and the laboratory changes were judged "probably 
related' ' to cA2. 

Efficacy of cA2. The pattern of response for 
each of the clinical assessments of disease activity and 
the derived IDA are shown in Table 2. All clinical 
assessments showed improvement following treatment 
with cA2, with maximal responses from week 3. 
Duration of morning stiffness decreased from a median 
of 180 minutes at study entry (week 0) to 5 minutes at 
week 6 (P < 0.001 by Mann-Whitney test, adjusted), 
representing a 97% improvement. The pain score 
decreased from 7.1 to 1.9 over the same period (P < 
0.001, adjusted), representing an improvement of 73%. 
Similarly, the Ritchie Articular Index improved from 
28 to 6 at week 6 (P < 0.001, adjusted; 79% improve- 
ment), and the swollen joint count decreased from 18 
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Figure 1. Swollen joint counts (maximum 28), as recorded by a 
single observer, in 20 patients with rheumatoid arthritis treated with 
cA2. The screening time point was within 4 weeks of entry to the 
study (week 0); data from patient 15 were not included after week 2 
(dropout). Significance of the changes, relative to week 0, were 
determined by Mann-Whitney test (adjusted): P > 0.05 at week 1 , P 
< 0.02 at week 2, P < 0.002 at weeks 3 and 4, and P < 0.001 at 
weeks 6 and 8. Bars show median values. 



to 5 (P < 0.001, adjusted; 72% improvement). The 
individual swollen joint counts for all time points are 
shown in Figure 1. 

Grip strength also improved; the median grip 
strength rose from 77 mm Hg (left) and 92 mm Hg 
(right) at week 0 to 119 (left) and 153 (right) at week 6 
(P < 0.04 and P < 0.05, left and right hands, respec- 
tively; P > 0.05 both hands, adjusted for multiple 
comparisons). The IDA has a range of 1 (normal) to 4 
(severe disease activity). The IDA showed a decrease 
from a median of 3 at study entry to 1 .7 at week 6 (P 
< 0.001, adjusted). Patients were asked to grade their 
responses to cA2 using a 5-point scale. No patient 
recorded a response of "worse' ' or 4 'no change" at 
any point in the trial. "Fair," "good," and "excel- 
lent" responses were classified as improvements of 1, 
2, and 3 grades, respectively. At week 6, there was a 
median of 2 grades of improvement (Table 2). 

We also measured changes in the patients' 
functional capacity, using the HAQ, as modified for 
British patients (range 0-3). The median (range) HAQ 
score improved from 2 (0.9-3) at study entry to LI 
(0-2.6) by week 6 (P < 0.001 and P < 0.002 adjusted). 

The changes in the laboratory values which 
reflect disease activity are shown in Table 3. The most 
rapid and impressive changes were seen in serum CRP 
levels, which fell from a median of 39.5 mg/liter at 
week 0 (normal < 10) to 8 mg/liter by week 6 of the trial 
CP < 0.001, adjusted), representing an improvement of 



80%. Of the 19 patients with elevated CRP at study 
entry, 17 showed decreases to the normal range at 
some point during the trial. The improvement in CRP 
was maintained in most patients over the assessment 
period (Table 3 and Figure 2); the exceptions with high 
values at 4 and 6 weeks tended to be those with the 
highest starting values (data not shown). 

The ESR also showed improvement, with a fall 
from 55 mm/hour at study entry (normal <10 in males 
and <15 in females) to 23 mm/hour at week 6 (P < 0.03 
andP > 0.05 adjusted; 58% improvement). SAA levels 
were elevated in all patients at trial entry, and fell from 
a median of 245 mg/ml (normal <10) to 58 mg/ml at 
week 1 (P < 0.003 adjusted; 76% improvement) and to 
80 mg/ml at week 2 (P < 0.04, adjusted). No significant 
changes were seen in Hgb level, WBC count, or 
platelet count at week 6, although the platelet count 
did improve at weeks 2 and 3 compared with trial entry 
(Table 3). 

The response data were also analyzed for each 
patient individually (not shown). The majority of pa- 
tients had their best overall responses at week 6, at 
which time 13 assessed their responses as "good" 
while 6 assessed their responses as "fair." Eighteen of 
the 19 patients who completed the treatment schedule 
achieved an improvement in the IDA of 0.5 or greater 
at week 6, and 10 achieved an improvement of 1.0 or 
greater. All patients achieved a response at week 6 
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Figure 2. Serum C-reactive protein (CRP) levels (normal 0-10 
mg/liter), as measured by nephelometry, in 20 patients with rheu- 
matoid arthritis treated with cA2. The screening time point was 
within 4 weeks of entry to the study (week 0); data from patient 15 
were not included after week 2 (dropout). Significance of the 
changes, relative to week 0, were determined by Mann-Whitney test 
(adjusted): P < 0.001 at week \ t P< 0.003 at week 2, P < 0.002 at 
week 3, P < 0.02 at week 4, and P < 0.001 at weeks 6 and 8. Bars 
show median values. 
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according to the index described by Paulus et al (35). 
At week 6, all patients showed a mean improvement of 
30% or greater in the 6 selected measures of disease 
activity (see Patients and Methods), with 18 of the 19 
patients showing a mean improvement of 50% or 
greater (data not shown). 

Although the study was primarily designed to 
assess the short-term effects of cA2 treatment, fol- 
lowup clinical and laboratory data are available for 
those patients followed for sufficient time (n = 12). 
The duration of response in these patients, defined as 
the duration of a 30% (or greater) mean improvement 
in the 6 selected disease activity measures, was vari- 
able, ranging from 8 weeks to 25 weeks (median 14) 
(data not shown). 

Comparison of the clinical and laboratory data 
for patients treated with 2 infusions of cA2 (each at 10 
mg/kg) versus those treated with 4 infusions (each at 5 
mg/kg) showed no significant differences in the rapid- 
ity or extent of response (data not shown). 

Immunologic investigations and cytokines. Mea- 
surement of rheumatoid factor by RAPA showed 14 
patients with significant titers (> 1:160) at trial entry. 
Of these, 6 patients showed a decrease of at least 2 
titers on treatment with cA2, while the remaining 
patients showed a change of 1 titer or less. No patient 
showed a significant increase in rheumatoid factor titer 
during the trial (data not shown). The median titer in 
the 11 patients decreased from 1:2,560 at entry to 1:480 
by week 8 (P > 0.05) (Table 3). Specific rheumatoid 
factor isotypes were measured by ELISA, and showed 
decreases in the 6 patients whose RAPA had declined 
significantly, as well as in some other patients (data 
not shown). Median values for the 3 isotypes in the 14 
patients seropositive at trial entry were 119, 102, and 
62 IU/ml (IgM, IgG, and IgA isotypes, respectively) 
and at week 8 were 81, 64, and 46 IU/ml (P > 0.05). 

We tested sera from patients 1-9 for the pres- 
ence of bioactive TNF, using the WEHI 164 clone 13 
cytotoxicity assay (36). In 8 patients, serum samples 
spanning the entire trial period were tested, while for 
patient 9, only 3 samples (1 pretrial, 1 intermediate, 
and the last available sample) were tested. The levels 
of bioactive TNF were below the limit of sensitivity of 
the assay in the presence of human serum (1 pg/ml) 
(data not shown). 

Since production of CRP and SAA are thought 
to be regulated in large part by IL-6, we also measured 
serum levels of this cytokine, using 2 different assays 
which measure total IL-6. In the Medgenix assay, IL-6 
was significantly elevated in 17 of the 20 patients at 



study entry. In this group, levels fell from 60 pg/ml 
(range 18-500) to 40 pg/ml (range 0-230) at week 1 (P 
> 0.05) and to 32 pg/ml (range 0-210) at week 2 (P < 
0.005 and P < 0.01, adjusted). These results were 
supported by measurement of serum IL-6 in the first 16 
patients in a separate ELISA developed in-house. IL-6 
was detectable in 11 of these samples, with median 
(range) levels falling from 210 pg/ml (25-900) at entry 
to 32 pg/ml (0-1 ,700) at week 1 (P < 0.02 and P < 0.04, 
adjusted) and to 44 pg/ml (0-240) at week 2 (P < 0.02 
and P < 0.03, adjusted). 

We tested sera from patients 1-10 for the pres- 
ence of antiglobulin responses to the infused chimeric 
antibody, but none were detected (data not shown). In 
many patients, however, cA2 was still detectable in 
serum samples taken at week 8 (data not shown) and 
this may have interfered with the ELISA. 

DISCUSSION 

This is the first report describing the adminis- 
tration of anti-TNFa antibodies for treatment of hu- 
man autoimmune disease. Many cytokines are pro- 
duced in rheumatoid synovium, but we chose to 
specifically target TNFa because of mounting evi- 
dence that it was a major molecular regulator in RA 
(21,22,26-28). The study results presented here sup- 
port that view and allow 3 important conclusions to be 
drawn. 

First, treatment with cA2 was safe and the 
infusion procedure was well tolerated. Although fever, 
headache, chills, and hemodynamic disturbance have 
all been reported following treatment with anti-CD4 or 
anti-CDw52 in RA (6,10), such features were absent in 
our patients. Also notable was the absence of any 
allergic event despite repeated treatment with the 
chimeric antibody, although the interval between ini- 
tial and repeat infusions may have been too short to . 
allow maximal expression of any antiglobulin re- 
sponse. The continuing presence of circulating cA2 at 
the conclusion of the trial may have precluded detec- 
tion of antiglobulin responses, but also indicated that 
any such responses were likely to be of low titer and/or 
affinity. Although we recorded 2 episodes of infection 
among the study group, these were minor and the 
clinical courses were unremarkable. TNFa has been 
implicated in the control of Listeria and other infec- 
tions in mice (37), but our limited experience does not 
suggest an increased risk of infection after TNFa 
blockade in humans. 

The second conclusion concerns the clinical 
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efficacy of cA2. The patients we treated had longstand- 
ing, erosive, and for the most part, seropositive dis- 
ease, and therapy with several standard DMARDs had 
failed. Despite this, the major clinical assessments of 
disease activity and outcome (morning stiffness, pain 
score, Ritchie articular index, swollen joint count, and 
HAQ score) showed statistically significant improve- 
ment, even after adjustment for multiple comparisons. 
All patients graded their response as at least "fair," 
with the majority grading it as "good." In addition, all 
achieved a response according to the criteria of Paulus 
et al and showed a mean improvement of at least 30% 
in 6 selected disease activity measures. The design of 
the trial does not allow these results to be attributed to 
the action of cA2 alone. However, the extent of the 
clinical improvements, their consistency throughout 
the study group, and the parallel changes in laboratory 
indices of disease activity (see below) are encouraging. 

The improvements in clinical assessments fol- 
lowing treatment with cA2 appear to be at least as 
good as those reported following treatment of similar 
patients with antileukocyte antibodies (6,10), although 
firm conclusions concerning each of these agents will 
require controlled, blinded studies. The two therapeu- 
tic approaches may already be distinguished, how- 
ever, by their effects on the acute -phase response, 
since in several studies of antileukocyte antibodies, no 
consistent improvements in CRP or ESR were seen 
(4-6,8,10). In contrast, treatment with cA2 resulted in 
significant decreases in serum CRP and SAA values, 
with normalization of values in many patients. The 
changes were rapid and marked, and in the case of 
CRP, sustained for the duration of the study (Table 3). 
The decreases in ESR were less marked, achieving 
statistical significance only when unadjusted for the 
number of comparisons (Table 3). 

These results are consistent with current con- 
cepts that implicate TNFa in the regulation of hepatic 
acute-phase protein synthesis, either directly, or by 
control of other, secondary, cytokines such as IL-6 
(38,39). To investigate the mechanism of control of the 
acute-phase response in our patients, we measured 
serum TNFa and IL-6 before and after cA2 treatment. 
Bioactive TNFa was not detectable in sera obtained at 
baseline or subsequently. In view of previous reports 
of variability between different immunoassays in the 
measurement of cytokines in biologic fluids (40), we 
used 2 different assays for IL-6, and both demon- 
strated significant decreases in serum IL-6 levels by 
week 2. These findings support the other objective 
laboratory changes induced by cA2, and provide in 



vivo evidence that TNFa may be a regulatory cytokine 
for IL-6 in this disease. Among the other laboratory 
tests performed, levels of rheumatoid factors fell sig- 
nificantly in 6 patients. 

The mechanism of action of cA2 leading to the 
clinical responses outlined above was not established 
in this study. Neutralization of TNFa may have a 
number of beneficial consequences, including a reduc- 
tion in the local release of cytokines such as IL-6 and 
other inflammatory mediators, and modulation of 
synovial endothelial/leukocyte interactions. cA2 may 
also bind directly to synovial inflammatory cells ex- 
pressing membrane TNFa, with subsequent in situ cell 
lysis. Further studies should establish which actions of 
cA2 may be clinically important. 

The results obtained in this small series have 
important implications, both scientifically and clini- 
cally. At the scientific level, the ability of the neutral- 
izing antibody, cA2, to reduce acute-phase protein 
synthesis, reduce the production of other cytokines 
such as IL-6, and significantly improve the clinical 
state demonstrates that it is possible to interfere with 
the cytokine network in a useful manner without 
untoward effects. Due to the many functions and 
overlapping effects of cytokines such as IL-1 and 
TNFa, and the fact that cytokines induce the produc- 
tion of other cytokines and of themselves, there had 
been some pessimism as to whether targeting a single 
cytokine in vivo would have any beneficial effect 
(41,42). This view is clearly refuted. On the clinical 
side, the results of short-term treatment with cA2 are 
encouraging, and suggest that TNFa may be a useful 
new therapeutic target in RA. 
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Important note: Information in this article was accurate in 1996. The state of 
the art may have changed since the publication date. 




Inhibition of immunoreactive tumor necrosis factor-alpha by a chimeric 
antibody in patients infected with human immunodeficiency virus type 1. 

J Infect Dis. 1996 Jul;174(1):63-8. Unique Identifier: AIDSLINE MED/96261994 

Walker RE; Spooner KM; Kelly G; McCloskey RV; Woody JN; Falloon J; 
Baseler M; Piscitelll SC; Davey RT Jr; Polls MA; Kovacs JA; Masur H; Lane 
HC; National Institute of Allergy and Infectious Diseases, Critical; Care 
Medicine Department, National Institutes of Health,; Bethesda, MD 20892, 
USA. ' 



Abstract: Tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine known to stimulate human 
immunodeficiency virus type 1(HJV-1) replication, has been implicated in the pathogenesis of HIV- 1 infection. Inhibition of 
—TNF-alpha by a chimeric humanized monoclonal antibody, cA2, was investigated in~6 HIV- 1 -infected patients with CD4 cell 
counts < 200/mm3. Two consecutive infusions of 10 mg/kg 14 days apart were wed tolerated, and a prolonged serum half- 
life for cA2 (mean, 257 -5-/- 70 h) was demonstrated. Serum immunoreactive TNF-alpha concentrations fell from a mean 
prestudy value of 6.4 pg/mL (range, 4.2-7.9) to 1.1 pg/mL (range, 0.5-2.2) 24 h after the first infusion and returned to 
baseline within 7-14 days. A similar response was seen after the second infusion. No consistent changes in CD4 ceil counts 
or plasma-HJV RNA levels were observed over 42 days. Future studies evaluating the therapeutic utility of long-term TNF- 
alpha suppression using apli-TNF-alpha antibodies are feasible and warranted. ' 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
ATCGGACGTGGACGTGCAGA 2 0 



What is claimed is: 

1. A chimeric antibody comprising at least pan of a human 
immunoglobulin constant region and at least part of a 
non-human immunoglobulin variable region, said antibody 20 
capable of binding an epitope specific for human tumor 
necrosis factor TNFoc, wherein the non-human immunoglo- 
bulin variable region comprises an arnino acid sequence 
selected from the group consisting of SEQ ID NO: 3 and 
SEQ ID NO: 5. 25 

2. An immunoassay method for detecting human TNF in 
a sample, comprising: 

(a) contacting said sample with an antibody according to 
claim 1, or a TNF binding fragment thereof, in detect- 3Q 
ably labeled form; and 

(b) detecting the binding of the antibody to said TNF. 

3. A chimeric antibody comprising at least part of a human 
immunoglobulin constant region and at least part of a 
non-human immunoglobulin variable region, said antibody 35 
capable of binding an epitope specific for human tumor 
necrosis factor TNFoc, wherein the non-human immunoglo- 
bulin variable region comprises a polypeptide encoded by a 
nucleic acid sequence selected from the group consisting of 
SEQ ID NO: 2 and SEQ ID NO: 4. " ^ 40 

4. An immunoassay method for detecting human TNF in 
a sample, comprising: 

(a) contacting said sample with an antibody according to 
claim 3, or a TNF binding fragment thereof, in detect- 
ably labeled form; and 45 

(b) detecting the binding of the antibody to said TNF. 



5. A chimeric antibody, comprising two light chains and 
two heavy chains, each of said chains comprising at least 
part of a human immunoglobulin constant region and at least 
part of a non-human immunoglobulin variable region, said 
variable region capable of binding an epitope of human 
tumor necrosis factor hTNFa, wherein said light chains 
comprise variable regions comprising SEQ ID NO: 3 and 
said heavy chains comprise variable regions comprising 
SEQ ID NO: 5. 

6. A chimeric antibody according to claim 5, wherein the 
human immunoglobulin constant region is an IgGl. 

7. A chimeric antibody comprising at least part of a human 
IgGl constant region and at least part of a non-human 
immunoglobulin variable region, said antibody capable of 
binding an epitope specific for human TNFa, wherein the 
non-human immunoglobulin variable region comprises a 
polypeptide encoded by a nucleic acid sequence selected 
from the group consisting of SEQ ID NO: 2 and SEQ ID 
NO: 4. 

8. A polypeptide comprising the amino acid sequence of 
SEQ ID NO: 3, wherein said polypeptide binds to hTNFa 
and competitively inhibits the binding of monoclonal anti- 
body cA2 to hTNFa. 

9. A polypeptide comprising the amino acid sequence of 
SEQ ID NO: 5, wherein said polypeptide binds to hTNFa 
and competitively inhibits the binding of monoclonal anti- 
body cA2 to hTNFa. 
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